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US 2004- 


777033 




A 20040211 



AB The invention relates to a process for conducting an equilibrium limited 
chemical 

reaction in a microchannel reactor. The process involves the 

use of active heat exchange and is suitable for conducting exothermic and 

endothermic reactions. The process comprises: (A) determining the equilibrium 

conversion value for the primary reactant in the reactant composition at the 

first reaction temperature and at another reaction temperature; (B) passing the 

reaction composition through a first reaction zone in the reactor at the first 

reaction temperature in contact with a first catalyst to form an intermediate 

product composition so that the approach to conversion of the primary reactant 

is >5%; and (C) passing the intermediate product composition into 

another reaction zone in contact with another catalyst to form the desired 

product so that the approach to conversion conversion of the primary 

reactant is £5%. The process is particularly suitable for 

synthesizing methanol and di-Me ether. 
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Microreactors for Syngas Conversion to 
Higher Alkanes : Characterization of 

Sol -Gel -Encapsulated Nanoscale Fe-Co Catalysts in the 
Microchannels 

Nagineni, Venkata S./ Zhao, Shihuai; Potluri, Avinash; 
Liang, Yu; Siriwardane, Upali; Seetala, Naidu V. ; 
Fang, Ji; Palmer, James; Kuila, Debasish 
Institute for Micromanuf acturing (ifM) , Louisiana Tech 
University, Ruston, LA, 71272, USA 

Industrial & Engineering Chemistry Research (2005) , 



44(15), 5602-5607 

CODEN: IECRED; ISSN: 0888-5885 
PUBLISHER: American Chemical Society 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB Silicon microreactors were coated with mixed-metal Fe-Co 
Fischer-Tropsch catalysts in alumina sol -gel for 

conversion of syngas (CO + H2) to higher alkanes . Characterization of the 
nanocatalysts using SEM, energy-dispersive x-ray, atomic force microscopy, 
and Brunauer-Emmett-Teller surface area measurements, packaging, and the 
reaction results from a mass spectrometer at controlled temps. 
(200-260°) and pressure (1 atm) with varying H2:CO ratios from 1:1 
to 10:1 are described. The catalyst does not adequately infiltrate the 
5 -jam channels; it coats nicely the 25 -urn channels. The initial 
results are consistent with a lower conversion of CO (.apprx.32%) in a 
5-um-channel reactor and a higher conversion (.apprx.52%) in a 
25-um-channel reactor. The selectivity to propane (.apprx.80%) is not 
affected by the width of the mi cro channel s . The activity of the 
sol -gel-encapsulated catalyst before and after the reactions is estimated from 
its magnetic properties using a vibrating sample magnetometer. 
REFERENCE COUNT: 4 0 THERE ARE 4 0 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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TITLE: Microprocess technology for Fischer- 

Tropsch gas -to -liquids 

AUTHOR (S) : Wang, Yong; Hu, J.; Cao, C. ; Mazanec, T. J. 

CORPORATE SOURCE: Pacific Northwest National Laboratory, Richland, WA, 

993 52, USA 

SOURCE: Preprints - American Chemical Society, Division of 

Petroleum Chemistry (2005), 50(1), 69-70 
CODEN: ACPCAT; ISSN: 0569-3799 

PUBLISHER: American Chemical Society, Division of Petroleum 

Chemistry 

DOCUMENT TYPE: Journal 

LANGUAGE : Eng 1 i s h 

AB Structured Co based-engineered catalysts exhibited high activity in 
Fischer-Tropsch synthesis, especially when integrated with a 
microchannel reactor, due to improved heat and mass transfer. 
Higher CO conversion with lower methane selectivity was achieved even 
under unfavorable reaction conditions in conventional Fischer- 
Tropsch synthesis. With the use of the engineered catalyst in the 
microchannel reactor, it was possible to operate Fischer 
-Tropsch synthesis at temps, much higher than those at which 
conventional packed bed or slurry reactors are operated while the reaction 
is still controlled in the nearly isothermal regime. Therefore, the 
productivity can be enhanced by a factor of three to twelve in comparison 
with conventional Fischer-Tropsch reactors. The 
unique microchannel reactor design and its integration with 
engineered catalyst allow operation of the Fischer- 
Tropsch reaction under a wide temperature range and flexibility to 
obtain different products. 

REFERENCE COUNT: 1 THERE ARE 1 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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INVENTOR (S) : Manzanec, Terry. J.; Wang, Yong; Silva, Laura J.; 
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US 2002- 
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A 20021022 



WO 2003-US33104 W 20031017 

AB The present invention provides new microreactor systems, 

catalysts, and chemical processes. Methods of making novel catalysts and 
reaction apparatus are also described. 
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Microreactors for catalysis using 
nano- catalysts 

Kuila, Debasish; Zhao, Shihuai; Nagineni, Venkata S.; 
Potluri, Avinash; Indukuri, H. ; Liang, Yu; Cao, W.; 
Hu, J.; Fang, Ji; Varahramyan, K. / Nassar, Raja; 
Palmer, James; Siriwardane, Upali; Naidu, Seetala V. 
Institute for Micromanuf acturing/Chemistry, Louisiana 
Tech University, Ruston, LA, 71272, USA 
Abstracts of Papers, 227th ACS National Meeting, 
Anaheim, CA, United States, March 28-April 1, 2004 
(2004), COLL-473. American Chemical Society: 
Washington, D. C. 
CODEN: 69FGKM 

Conference; Meeting Abstract 
English 

MicroChannel microreactors based on Si (5-100 n) 
have been used to study heterogeneous catalysis of three significant 
reactions: hydrogenation and dehydrogenation of cyclohexene, preferential 
oxidation for CO amelioration in feed for Proton Exchange Membrane (PEM) 
based fuel cells and Fischer- Tropsch synthesis to 

higher alkane fuels. For the prototype reaction, a 95 % conversion of 
cyclohexene has been achieved with sputtered and sol -gel coated platinum 
catalyst. Conversion of synthesis gas (CO:H2) to higher alkanes (.apprx. 
75% with a selectivity to propane of 80%) and carbon monoxide to carbon 
dioxide (.apprx. 90% conversion with a selectivity of 90% to C02) to 
process the feed gas have also been quite successful. The nano-catalysts 
for these processes have been characterized using SEM, EDX, AFM, VSM and 
BET surface area measurements. A parallel-array of reactors has been 
developed for multiple reaction studies and catalyst screening. Design of 



AUTHOR (S) 



CORPORATE SOURCE: 



SOURCE 



DOCUMENT TYPE 
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expts. for these reactions will be presented. 

L2 ANSWER 6 OF 9 CAPLUS COPYRIGHT 2005 ACS on STN 
ACCESSION NUMBER: 2004:89738 CAPLUS 

DOCUMENT NUMBER: 141:108227 

TITLE: Nanoscale platinum and iron-cobalt catalysts deposited 

in micro channel microreactors for 
use in hydrogenation and dehydrogenation of 
cyclohexene, selective oxidation of carbon monoxide 
and fischer-tropsch process to 
higher alkanes 

AUTHOR (S) : Zhao, Shihuai 

CORPORATE SOURCE: Louisiana Tech. Univ., Ruston, LA, USA 

SOURCE: (2003) 142 pp. Avail.: UMI , Order No. DA3084550 

From: Diss. Abstr. Int., B 2003, 64(3), 1376 
DOCUMENT TYPE: Dissertation 
LANGUAGE: English 
AB Unavailable 
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Reactors with varying cross -section and their 
manufacture for reactions conducted under varying 
local contact time 

Wang, Yong; Cao, Chunshe; Kimble, James B.; Silva, 

Laura J. 

USA 

U.S. Pat . Appl . Publ . , 13 pp . 

CODEN: USXXCO 

Patent 

English 
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A 20020521 
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AB Chemical reactions are conducted in a reaction microchannel that 

has a varying cross-sectional area such that a chemical reactant or reactants 
experience varying local contact time as the reactant (s) flow through the 
channel. The reactors have multiple reaction microchannel s with 
varying cross-sectional areas. The reaction channel section has a 
trapezoidal shape that becomes broader from the inlet toward the outlet. 
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TITLE: Microreactors for catalysis 

AUTHOR (S) : Kuila, D.; Nagineni , Venkata S.; Potluri, Avinash; 

Zhao, Shihuai; Aithal, Rajendra K. ; Liang, Yu; Fang, 
Ji; Nassar, Raja; Siriwardane, Upali; Naidu, Seetala 
V. ; Palmer, James 

CORPORATE SOURCE: Institute for Micromanuf acturing/ Chemistry, Louisiana 

Tech University, Ruston, LA, 71272, USA 

SOURCE: Abstracts of Papers, 226th ACS National Meeting, New 

York, NY, United States, September 7-11, 2003 (2003), 
INOR-022. American Chemical Society: Washington, D. 
C. 

CODEN: 6 9EKY9 

DOCUMENT TYPE: Conference; Meeting Abstract 

LANGUAGE: English 

AB Microreactors provide distinct advantages to energy related 

projects on fuel cells and, in general, on production and processing of fuels 

The first advantage of microreactors is the small phys . size of 

the overall device that allows rapid heat and mass transfer in contrast to 

conventional reactors. The second advantage is indeed one of the major 

thrusts of our research: the creation of parallel -array based reactors for 

rapid catalyst screening. The small catalyst and reactant requirements 

and fast thermal cycling yield an ideal environment for process 

development as evidenced by UOP joining the growing number of major companies 

conducting microreactor research. Microreactors 

provide the necessary link between the highly combinatorial titer plate 
approaches that provide no kinetic information and the detailed but time 
consuming industrial pilot scale packed bed reactors. Our current 
projects, supported by NSF-EPSCoR and DOE, are addressing the development 
and characterization of nano-scale metal catalysts using various 
technologies for conversion of synthesis gas to higher alkane fuels ( 
Fischer -Tropsch process) that is not achievable using 

conventional fixed bed reactors due to the reaction's high exothermicity . 
The synthesis of higher alkanes using nano-catalysts of Fe/Co and their 
fabrication in the micro channels using sol -gel support and their 
characterization by techniques such as XPS, SEM, EDX, AFM, vibrating 
sample magnetometer (VSM) and surface area measurement (BET method) will 
be described. Our progress on modeling of this reaction to optimize the 
yield and selectivity will also be presented. 
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DOCUMENT TYPE: Conference; Meeting Abstract 
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AB Biomass gasification process provides feedstock for Fischer- 

Tropsch synthesis to produce liquid transportation fuels and chems . 
Compared to the conventional petroleum/natural gas based GTL technol . , 
biomass -derived feedstock has the nature of small scale, and the use of 
microchannel reactor technol. is potentially cost -competitive . 
Battelle/PNNL has developed a catalytic microchannel reactor 
integrated with highly efficient heat exchanger to provide isothermal 
environment for the strongly exothermic FT synthesis reactions. It allows 
the process be operated close to the kinetically controlled regime so that 



the heat and mass transfer limitation be minimized in this three phase 
reaction system. In order to achieve high yield of naphtha and diesel 
range of hydrocarbons (C5-C19) , we have developed a unique structured 
catalyst system suitable for the deployment in microchannel 
reactor applications. This engineered catalyst structures are based on 
metallic monolith supports and uniformly coated with improved catalyst 
formulation. The objective was to take advantage of the high thermal 
conductivity and reduced mass transfer resistance in an ordered structure, 
has been demonstrated that this engineered catalyst produces much narrower 
carbon distributions (mainly less than C25) than a conventional powder 
catalyst with the similar productivity and methane selectivity. In 
particular, majority of the synthesis products fall in to the slates of 
gasoline and diesel range. This unique product distribution, in turn, has 
a pos. impact on process economics since there is a. strong possibility to 
eliminate a hydrocracker in downstream processing. In addnl . to the 
exptl. work, the finite element method (FEM) modeling that efficiently 
solves the reacting transport problems in complex geometries has been used 
to optimize the reactor and catalyst design. Numerical simulation in 
predicting the temperature and conversion profiles in the microreactor 
helps to design the reactor channel geometries. And the simulation of 
component concentration profile assists to tailor the coating thickness of 
structured catalyst in order to evaluate the diffusion effects on product 
selectivity. This optimization improves the performance of monolithic 
catalysts integrated with microchannel reactors for 
biomass -derived syngas conversion to fuels. 
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ABSTRACT : 



A chemical processing microsystem useful for identifying and optimizing materials 
(e.g., catalysts) that enhance chemical processes or for characterizing and/or 
optimizing chemical processes is disclosed. The chemical processing microsystem 
comprises a plurality of microreactors 600 and, in a preferred embodiment, a 
plurality of microseparators 900 integral with the chemical processing microsystem 
10. The microreactors 600 are preferably diffusion-mixed microreactors formed in a 
plurality of laminae that include a modular, interchangeable candidate -material 
array 100. The material array 100 comprises a plurality of different candidate 
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to spatially correspond to the plurality of different candidate materials. Modular 
microfluidic distribution systems are also disclosed. The chemical processing 
microsystem can be integrated into a material evaluation system that enables a 
comprehensive combinatorial material science research program. 
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Integrated Combustion Reactors (ICRS) and methods of making ICRs are described in 
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which combustion chambers (or channels) are in direct thermal contact to reaction 
chambers for an endothermic reaction. Particular reactor designs are also 
described. Processes of conducting reactions in integrated combustion reactors are 
described and results presented. Some of these processes are characterized by 
unexpected and superior results, and/or results that can not be achieved with any 
prior art devices. 



OTHER APPLICATIONS 



[0001] The invention may be further understood by reference to U.S. patent 

applications Ser. Nos . (Title: Multistream MicroChannel Device; Attorney 

Docket No. 02-001), (Title: Process for Cooling a Product in a Heat 

Exchanger Employing MicroChannel s for the Flow of Refrigerant and Product, Attorney 

Docket No. 01-002) , and (Title Process for Conducting an Equilibrium Limited 

Chemical Reaction in a Single Stage Process Channel; Attorney Docket No. 02-051), 
all of which were filed on Aug. 15, 2002, all of which are incorporated herein by 
reference . 
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The invention is a process and device for exchanging heat energy between three or 
more streams in a microchannel heat exchanger which can be integrated with a 
microchannel reactor to form an integrated microchannel processing unit. The 
invention enables the combining of a plurality of integrated microchannel devices 
to provide the benefits of large-scale operation. In particular, the microchannel 
heat exchanger of the present invention enables flexible heat transfer between 
multiple streams and total heat transfer rates of about 1 Watt or more per core 
unit volume expressed as W/cc. 
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[0001] The present application is related to the following commonly- as signed 
applications filed concurrently herewith on Aug. 15, 2002: "Integrated Combustion 
Reactors and Methods of Conducting Simultaneous Endothermic and Exothermic 
Reactions", Attorney Docket No. 02-052 and "Process for Cooling a Product in a Heat 
Exchanger Employing Microchannels for the Flow of Refrigerant and Product", 
Attorney Docket No. 01-002 which applications are incorporated herein by reference. 
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chambers for an endothermic reaction. Superior results were achieved for combustion 
chambers which contained a gap for free flow through the chamber. Particular 
reactor designs are also described. Processes of conducting reactions in integrated 
combustion reactors are described and results presented. Some of these processes 
are characterized by unexpected and superior results. 
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Integrated Combustion Reactors (ICRs) and methods of making ICRs are described in 
which combustion chambers (or channels) are in direct thermal contact to reaction 
chambers for an endothermic reaction. Superior results were achieved for combustion 
chambers which contained a gap for free flow through the chamber. Particular 
reactor designs are also described. Processes of conducting reactions in integrated 
combustion reactors are described and results presented. Some of these processes 
are characterized by unexpected and superior results. 

30 Claims, 33 Drawing figures 
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ABSTRACT : 

A chemical processing microsystem useful for identifying and optimizing, materials 
(e.g., catalysts) that enhance chemical processes or for characterizing and/or 
optimizing chemical processes is disclosed. The chemical processing microsystem 
comprises a plurality of microreactors 600 and, in a preferred embodiment, a 
plurality of microseparators 900 integral with the chemical processing microsystem 
10. The microreactors 600 are preferably diffusion-mixed microreactors formed in a 
plurality of laminae that include a modular, interchangeable candidate-material 
array 100. The material array 100 comprises a plurality of different candidate 
materials (e.g., catalysts), preferably arranged at separate, individually 
addressable portions of a substrate (e.g., wafer). The microseparators 900 are 
similarly formed in a plurality of laminae that include a modular, interchangeable 
adsorbent array 700. 
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ABSTRACT : 

A chemical processing microsystem useful for identifying and optimizing materials 
(e.g., catalysts) that enhance chemical processes or for characterizing and/or 
optimizing chemical processes is disclosed. The chemical, processing microsystem 
comprises a plurality of microreactors 600 and, in a preferred embodiment, a 
plurality of microseparators 90 0 integral with the chemical processing microsystem 
10. The microreactors 600 are preferably diffusion-mixed microreactors formed in a 
plurality of laminae that include a modular, interchangeable candidate -material 
array 100. The material array 100 comprises a plurality of different candidate 
materials (e.g., catalysts), preferably arranged at separate, individually 
addressable portions of a substrate (e.g., wafer). The microseparators 900 are 
similarly formed in a plurality of laminae that include a modular, interchangeable 
adsorbent array 700. The adsorbent array 700 comprises one or more adsorbents, 
preferably arranged at separate, individually, addressable portions of a substrate 
to spatially correspond to the plurality of different candidate materials. Modular 
microfluidic distribution systems are also disclosed. The chemical processing 
microsystem can be integrated into a material evaluation system that enables a 
comprehensive combinatorial material science research program. 
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ABSTRACT : 

A chemical processing microsystem useful for identifying and optimizing materials 
(e.g., catalysts) that enhance chemical processes or for characterizing and/or 
optimizing chemical processes is disclosed. The chemical processing microsystem 
comprises a plurality of microreactors 600 and, in a preferred embodiment, a 
plurality of microseparators 900 integral with the chemical processing microsystem 
10. The microreactors 600 are preferably diffusion-mixed microreactors formed in a 
plurality of laminae that include a modular, interchangeable candidate-material 
array 100. The material array 100 comprises a plurality of different candidate 
materials (e.g., catalysts), preferably arranged at separate, individually 
addressable portions of a substrate (e.g., wafer). The microseparators 900 are 
similarly formed in a plurality of laminae that include a modular, interchangeable 
adsorbent array 700. The adsorbent array 700 comprises one or more adsorbents, 
preferably arranged at separate, individually addressable portions of a substrate 
to spatially correspond to the plurality of different candidate materials. Modular 
microfluidic distribution systems are also disclosed. The chemical processing 
microsystem can be integrated into a material evaluation system that enables a 
comprehensive combinatorial material science research program. 

24 Claims, 88 Drawing figures 
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ASSISTANT -EXAMINER : Medina; Maribel 

ATTY- AGENT -FIRM : May; Stephen R. Rosenberg; Frank S. 
ABSTRACT : 

The present invention provides chemical reactors and reaction chambers and methods 
for conducting catalytic chemical reactions having gas phase reactants. In 
preferred embodiments, these reaction chambers and methods include at least one 
porous catalyst material that has pore sizes large enough to permit molecular 
diffusion within the porous catalyst material. 

92 Claims, 28 Drawing figures 
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